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Abstract
A clinical isolate (Candida  albicans) was collected from diagnosed cases as vaginal candidiasis. Identification of this isolate was
previously reported [11] using both API 20C kit and real-time PCR assay. Adherence of C.  albicans  to the vaginal epithelium was
evaluated. C.  albicans  recorded the highest rate (63.00%) of adherence among all collected isolates and recorded the highest record
for the number (131.00) of adhered yeast cells (data not shown). The evaluation of the critical factors affecting the adherence process
revealed that the maximum adherence values were recorded for a logarithmic phase-culture grown at 25 ◦C, incubation temperature
of 37 ◦C in phosphate buffer saline adjusted at pH 5. Moreover, the adherence pattern of C.  albicans  cells to the vaginal epithelium
was visualized by the scanning electron microscopy (SEM).
© 2012 Taibah University. Production and hosting by Elsevier B.V. All rights reserved.Keywords: Adherence; Candida albicans; SEM; Vaginal candidiasis
1.  Introduction
The inflammation of the vagina as a result of infec-
tious diseases is very common [8]. Vaginal symptoms are
usually related to one of three conditions: bacterial vagi-
nosis, trichomoniasis and yeast vaginitis [24,25,34,37].
Yeast vaginitis is a very common problem. Theories∗ Corresponding author. Tel.: +966 509904068; fax: +966 48454770.
E-mail address: moustafael naggar@hotmail.com
(M.Y. El-Naggar).
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http://dx.doi.org/10.1016/j.jtusci.2012.10.001explain the repeated yeast infections have focused on
vaginal reinfection, either from a gastrointestinal source
or from sexual transmission, or on vaginal relapse, which
hypothesizes that recurrent infections are due to the
same infecting organism, which is only temporarily sup-
pressed by antifungal therapy [24,33].
Adherence has been shown to play a central role
in the pathogenesis of many microbial infections
[2,3,9,10,12,29]. The adherence to various surfaces
represents the first step in the mechanisms of patho-
genesis and suggests means of controlling infection at
an early stage [9,10]. The definition of the mechanisms
of attachment of Candida  albicans  may have important
therapeutic implications. New therapeutic strategies for
the treatment of candidiasis may involve inhibition of
the attachment of the organism to the host cell [16,36].The present study was conducted to focus on the
characterization of the adherence of the C.  albicans  to
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nd their statistical significance that affect the adher-
nce process and consequently have an impact on the
athogenesis process.
.  Materials  and  methods
.1.  Microorganism  and  culture  conditions
C.  albicans  was previously isolated and identified
11]. C.  albicans  isolate was sub-cultured onto a set of
hree tubes of Sabouraud’s dextrose broth (10 ml) that
equentially had 1, 2 and 3 drops of 1 N HCl added to
hem. These broth cultures were incubated for 48–72 h
t 25 ◦C. A loop of the inoculated Sabouraud’s dextrose
roth (supplemented with 2 drops 1 N HCl) was streaked
n Sabouraud’s dextrose agar plates, the plates were then
ncubated at 25 ◦C for 72 h. The developing colonies of
easts were maintained on culture slants for further use.
.1.1. Morphological  characteristics
A plate containing either corn meal agar with Tween
0 was inoculated and incubated at 25 ◦C for 48–72 h.
he growth was examined for the presence of pseudohy-
hae, true mycelium, blastospores and chlamydospores
1] (Fig. 1).
.1.2. Germ  tube  test
A tube containing 0.25 ml of yeast peptone dextrose
edium (YPD) was inoculated with the C.  albicans  for
he development of germ tubes [18]. The cultures were
ncubated at 39 ◦C and examined microscopically after
 h of incubation for the development of germ tubes and
lastoconidia [1].
ig. 1. Light micrograph of C. albicans (on corn meal agar with Tween
0) showing the terminal chlamydospores on pseudohyphae with blas-
ospores. 400× magnification. University for Science 6 (2012) 10–18 11
2.1.3.  Adherence  of  C. albicans to  the  vaginal  cells
C. albicans  was incubated overnight in yeast extract
broth at 25 ◦C under shaking conditions at 60 rpm. Yeast
cells were harvested by centrifugation after 18 h and
washed in PBS twice. The yeasts were enumerated
using haemocytometer, and then diluted to a density of
108 cells/ml in phosphate buffer saline (PBS) adjusted to
pH 7.0 [31]. The adherence of C.  albicans  to the vaginal
epithelium was determined according to King et al. [20]
and Segal et al. [30]. The freshly obtained vaginal epithe-
lial cells (used within 4 h) were washed twice in 0.9%
saline and resuspended in PBS adjusted at pH of 7.0.
The concentration of the epithelial cells was adjusted to
105 cells/ml using haemocytometer.
2.1.4.  Assay  of  C. albicans adherence
Equal volumes (0.25 ml) of epithelial cells (105) and
yeast cells (108) were mixed and incubated for 30 min
in a shaking incubator (50 rpm) at 37 ◦C and pH 7.0.
After incubation, the suspensions were centrifuged and
washed twice with saline to separate the non-adhering
yeast cells. Several drops of the sediment were placed on
glass slide, fixed and stained with crystal violet, and then
the percentage of adherence was determined by counting
the number of epithelial cells with 20 or more adhered
yeasts out of a total of 100 cells. The number of yeast
cells attached to each of 100 epithelial cells was also
counted and the mean value was calculated [30]. The
adherence assay was performed in triplicates.
2.2.  Factors  affecting  the  adherence  of  C.  albicans
to the  vaginal  epithelial  cells
2.2.1. Effect  of  the  pH  of  the  assay  medium
The phosphate buffer was prepared to the following
different pH values 5–9 to test the optimum pH value for
the adherence [26]. The cells were resuspended to the
desired concentration and used for the application of the
adherence assay.
2.2.2.  Effect  of  the  assay  temperature
Equal volumes of epithelial cells and yeast cells
(0.25 ml) suspended in PBS adjusted at pH 7.0 were
mixed and incubated on a rotator individually at 25, 37
and 40 ◦C for 30 min [19].
2.2.3.  Effect  of  the  yeast  culture  age
◦C. albicans  was grown in yeast extract broth at 25 C.
The yeast cells were harvested by centrifugation after 8,
16, 24, 32, 44 and 56 h, washed twice and resuspended
in PBS adjusted at pH 7.0 to the desired concentration
f Taibah
ability was decreased (32.00%, 65.00 and 25.50%,
55.50, respectively). Dostal et al. [7] reported that the
pH values were the critical factors in proteolytic activity
Table 1
Effect of the initial pH values on the adherence of C. albicans to the
vaginal epithelial cells.





5 84.50 ± 5.50 157.50 ± 3.50
6 81.00 ± 8.00 150.50 ± 1.50
7 62.00 ± 2.00 133.50 ± 4.5012 A.-Z.A. Karam El-Din et al. / Journal o
[28]. The cells were then ready for the application of the
adherence assay.
2.2.4.  Effect  of  the  incubation  temperature
C. albicans  was grown in yeast extract broth at 25,
30, 35 and 40 ◦C. The yeast cells were harvested by
centrifugation after 18 h (Standard growth curve was
constructed to determine the timing of each of the growth
phases), washed twice and resuspended in PBS (pH 7) to
the desired concentration [28]. The cells were then ready
for the application of the adherence assay.
2.3.  Scanning  electron  microscopy
The samples for electron microscopy were prepared
as described by El-Naggar et al. [10]. The processed sam-
ples were visualized using scanning electron microscope
(S 800 Hitachi Co., Ltd., Tokyo, Japan) with an accel-
erating voltage 15–52 kV at magnification varied from
1000× to 12,000×.
2.4.  Statistical  analyses
Statistical analyses of the adherence data were carried
out using SPSS program, version 12. One-way ANOVA
test was used to evaluate the differences in the adherence
values. A p-value of ≤0.05 was considered significant.
Pearson’s correlation coefficient was also used.
3. Results  and  discussion
The incidence of the various fungal pathogens has
increased dramatically over the past few decades. Can-
dida species are the most common of these pathogens
[5,27]. Vulvovaginitis is one of the commonest pre-
sentations of Candida  infection. Despite therapeutic
advances, vulvovaginal candidiasis remains a com-
mon problem worldwide, affecting all strata of society
[2,29,32].
3.1. The  adherence  of  the  C.  albicans  to  the  vaginal
epithelial cells
The adherence of the C.  albicans  to the vaginal epithe-
lial cells was observed under optimal temperature of
37 ◦C and pH 7. The adherence ability is expressed as
the percentage of epithelial cells having more than 20 C.
albicans cells attached and the number of adhered yeast
cells attached to each of 100 epithelial cells. C.  albicans
showed more remarkable and potent adherence percent-
age to the vaginal epithelial cells (63.00%). Regarding University for Science 6 (2012) 10–18
the number of adhered yeast cells, this isolate recorded
the highest number of adhered yeast cells (131.00).
C. albicans  strains produced different and high lev-
els of adherence to vaginal epithelial cells among other
isolates (data not shown). Genomic variability may
account for varied adherence abilities among the tested
C. albicans  strains. Kennedy [17] reported that the extent
of adherence to mucosal epithelium appears to be a
strain-dependent property. However, Vidotto et al. [35]
indicate that all C.  albicans  strains appear to adhere
equally well to exfoliate vaginal and buccal epithelial
cells. The high recorded adherence abilities of the tested
C. albicans  strains should not surprising us if we consider
that adherence to cell surfaces is an important virulence
factor and that C.  albicans  is usually considered more
virulent than other Candida  species.
3.2. Factors  affecting  the  adherence  of  C.  albicans
cells to  vaginal  epithelial  cells
The adherence of C.  albicans  cells to vaginal epithe-
lial cells under certain environmental conditions is most
likely a pivotal point in the pathophysiology of vaginal
candidiasis [26]. In the present study, we have sought
focus on how pH, the temperature of the adherence assay,
the growth phase and the growth temperature of the
yeasts affect its adherence to vaginal epithelial cells.
3.2.1. Effect  of  the  pH  of  the  assay  medium
The results in Table 1 showed that although the pH
5 allowed a maximal adherence, attachment could still
be detected under both neutral and alkaline conditions.
Comparing the adherence ability at different pH values
(5–9), the highest value was recorded at pH 5 (84.50%,
157.50) and pH 6 (81.00%, 150.50), followed by pH 7
(62.00%, 133.50), while at pH 8 and pH 9 the adherence8 32.00 ± 1.00 65.00 ± 3.00
9 25.50 ± 1.50 55.50 ± 4.50
VEC: vaginal epithelial cell.
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Statistical analysis (bivariate correlations test) for the data obtained in
Table 1.
Initial pH Adherence % Number of adhered
yeast cells/VEC
Pearson correlation (r) −.952 −.940
p-Value .000** .000**
Strength of the correlation (r2) 91 88
37 ◦C compared to 25 and 40 ◦C. The adherence percent-
age was affected equally by the two temperatures 40 and
25 ◦C. There was no significant difference (p  > .05) in the
Table 4










25 36.00 ± 3.00 89.50 ± 2.50The mean difference is significant (p ≤ .05).
** The mean difference is highly significant (p ≤ .001).
# The mean difference is insignificant (p > .05).
ecause relatively small shifts can cause changes in
xtracellular proteolytic activity. Modification of the
ost cell membrane could occur in an acidic environ-
ent, but under such conditions general proteolytic
ctivity and dissolution of host-cell membranes may
e more important than adherence considerations.
odification of the cell surface of C.  albicans, however,
ay proceed if the surface pH is lowered because
f carbohydrate utilization and production of acidic
y-products. Proteolytic action on the Candida cell
urface alters hydrophobicity, which would also affect
dherence [6] (Table 2).
Variation of the pH of the adherence medium gave
ighly significant differences (p  ≤  .001) in the adherence
bility. The statistical analysis indicated that no signifi-
ant difference (p  > .05) in the adherence ability neither
etween pH values (5 and 6), nor between (8 and 9), but
he differences in the adherence ability of the isolate at
H (5 and 6) and that at pH (8 and 9) were highly sig-
ificant (p  ≤  .001). Significant difference (p  ≤  .05) in the
dherence percentage between pH 7 and the other tested
H values was observed, whereas the number of adhered
east cells at pH 7 differed significantly (p  ≤  .05) from
hat at pH (5 and 6) and highly significantly (p  ≤  .001)
rom that at pH (8 and 9). The results (Table 3) revealed a
egative correlation between the adherence ability of the
ested isolate to the vaginal epithelial cells and pH, as the
H increased the adherence ability decreased, and this* Correlation is significant (p ≤ .05).
** Correlation is highly significant (p ≤ .001).
# Correlation is insignificant (p > .05).
correlation was highly significant (r  = −.952, p  ≤  .001
and r  = −.940, p ≤  .001).
The results of the adherence assays of C.  albicans
to vaginal epithelial cells at different pH values showed
that there was strong, statistically significant association
between the adherence ability of the tested isolate and
pH. The adherence at the neutral pH was slightly less than
that at the acidic conditions. Under alkaline conditions
the adherence was much less that under both neutral and
acidic conditions. Our data thus differ from that of Lehrer
et al. [23] who found that adherence was not influenced
by pH or pre-treatment of yeast cells with salts, divalent
cations, detergents, urea, lipase or -mannosidase.
3.2.2.  Effect  of  the  assay  temperature
Table 4 showed that the assay mixture incubated at
37 ◦C gave the maximal adherence (62.50%, 132.00),
followed by those incubated at 25 ◦C (36.00%, 89.50)
and the least at 40 ◦C (32.50%, 70.50). Statistically, there
were significant differences (p  ≤  .05) in the adherence
ability of the tested isolate to the vaginal epithelial cells
obtained at the different temperatures tested (Table 5).
The adherence ability of C.  albicans  at 37 ◦C was sig-
nificantly (p  ≤  .05) greater than that at 25 and 40 ◦C
(Table 6). Interestingly, the adherence percentage was
almost twofold greater when the assay was performed at37 62.50 ± 0.50 132.00 ± 3.00
40 32.50 ± 2.50 70.50 ± 9.50
VEC: vaginal epithelial cell.
14 A.-Z.A. Karam El-Din et al. / Journal of Taibah University for Science 6 (2012) 10–18
Table 5




Number of adhered yeast cells/VEC .011*
Temperature (◦C) of the adherence assay p-value








37 40 .003* .005*
* The mean difference is significant (p ≤ .05).
Table 7
Effect of the age of C. albicans on its adherence to the vaginal epithelial
cells.
Yeast age (h) Adherence %
Mean ± SE
Number of adhered yeast
cells/VEC
Mean ± SE
8 51.50 ± 1.50 108.00 ± 3.00
16 62.50 ± 0.50 130.00 ± 5.00
24 54.00 ± 1.00 115.50 ± 0.50
32 43.00 ± 1.00 93.50 ± 4.50
44 39.00 ± 3.00 86.00 ± 5.00
56 31.50 ± 2.50 60.50 ± 3.50** The mean difference is highly significant (p ≤ .001).
# The mean difference is insignificant (p > .05).
adherence ability at 25 and 40 ◦C. Data in Table 6 indi-
cated a weak and not significant correlation between the
adherence ability of the tested isolate and the tempera-
ture of the adherence assay (r  = .221, p  > .05 and r  = .026,
p > .05).
3.2.3.  Effect  of  the  yeast  culture  age
Yeast cell adherence is also influenced by the growth
phase of the culture. In the present study, it was found that
logarithmic-phase-yeasts had greater adherence ability
than stationary-phase-yeasts. Maximal adherence ability
was obtained with culture which has been incubated for
16 h while the minimal obtained with culture incubated
for 56 h. This finding may be due to that the factor(s)
present on the surface of logarithmic-phase-cells than
on cells in the stationary phase of growth. In addition,
enzymes such as phospholipase and proteinase which
play a critical role in the adherence process are more
active in cultures in the exponential growth phase than
in the stationary phase.
Table 6




Adherence % Number of adhered
yeast cells/VEC





* Correlation is significant (p ≤ .05).
** Correlation is highly significant (p ≤ .001).
# Correlation is insignificant (p > .05).VEC: vaginal epithelial cell.
C.  albicans  cultures grown at logarithmic phase for
periods 8, 16 and 24 h had greater adherence ability than
those grown at stationary phase for periods 32, 44 and
56 h. Maximal adherence ability was obtained with cul-
ture grown for 16 h (62.50%) with number of adhered
cells reached (130.00), while the minimal obtained with
culture grown for 56 h (31.50%) with number of adhered
cells reached (60.50) (Table 7). Highly significant dif-
ferences (p  ≤  .001) in the adherence ability of the isolate
were obtained at the different growth phases tested. It
was obvious that adherence ability of C.  albicans  grown
for 16 h of the logarithmic phase differed significantly
(p ≤  .05) from those grown for 8 and 24 h. Although
the adherence ability of the 24-h-culture was higher
than that of the 8-h-culture, statistically, this difference
was not significant (p  > .05). Regarding the adherence
ability of the stationary-phase-yeasts, no marked differ-
ences (p  > .05) in the adherence ability were observed
when the 32-h- and 44-h-cultures were compared. The
adherence percentage of the 32-h- and 44-h-cultures dif-
fered significantly (p  ≤  .05) from that of the 56-h-culture.
The number of adhered yeast cells of the 56-h-culture
recorded a high significant difference (p  ≤  .001) from
that of 32-h-culture, while the difference was significant
(p ≤  .05) with that of 44-h-culture (Table 8).
The results of the two phases of growth (loga-
rithmic and stationary) showed that high significant
differences (p  ≤  .001) in the adherence ability were
recorded between the 16-h-culture and all cultures of
the stationary phase. The difference in adherence abil-
ity of the 8-h-culture was highly significant (p  ≤  .001)
with that of the 56-h-culture and significant differences
(p ≤  .05) with those of the 32-h- and 44-h-cultures were
recorded. There was a significant difference (p  ≤  .05) in
the adherence ability of the 24-h-culture and that of the
32-h-culture, but high significant differences (p  ≤  .001)
were obtained with those at 44-h- and 56-h-cultures. The
results in Table 9 revealed that there was a negative
A.-Z.A. Karam El-Din et al. / Journal of Taibah University for Science 6 (2012) 10–18 15
Table 8




Number of adhered yeast cells/VEC .000**
Yeast age (h) p-value




















44 56 .027* .004*




















Effect of the incubation temperature on the adherence of C. albicans








25 63.50 ± 5.50 130.50 ± 9.50
30 51.50 ± 4.50 99.50 ± 1.50
35 44.00 ± 5.00 89.00 ± 1.00
40 25.00 ± 2.00 59.00 ± 7.00
are hydrophobic when grown at 25 ◦C and hydrophilic at
37 ◦C [13,14] this may explain why cells grown at 25 ◦C
gave the highest adherence capacity.
Table 11
Statistical analysis (one way ANOVA test) for the data obtained in
Table 10.
p-Value** The mean difference is highly significant (p ≤ .001).
# The mean difference is insignificant (p > .05).
nd highly significant correlation between the growth
hase of the selected isolate and its adherence ability
o the vaginal epithelial cells (r  = −.866, p  ≤  .001 and
 = −.868, p  ≤  .001).
.2.4. Effect  of  the  incubation  temperature
Our data also indicated that strong correlation exists
etween the growth temperature of the tested isolate
nd its adherence to vaginal epithelial cells. Yeast cells
rown at 25 ◦C gave the highest adherence ability and as
he growth temperature increased the adherence ability
able 9
tatistical analysis (bivariate correlations test) for the data obtained in
able 7.
east age (h) Adherence % Number of adhered
yeast cells/VEC
earson correlation (r) −.866 −.868
-Value .000** .000**
trength of the correlation (r2) 75 75
 Correlation is significant (p ≤ .05).
** Correlation is highly significant (p ≤ .001).
Correlation is insignificant (p > .05).VEC: vaginal epithelial cell.
decreased. These data are supported by other investi-
gators who reported that blastospores harvested from
cultures grown at 25 ◦C adhered to vaginal epithelial
cells in significantly greater numbers than did blas-
tospores isolated from cultures grown at 37 ◦C [22,30].
Variation in growth temperature is one of the factors
that are known to affect yeast cell surface hydrophobicity
(CSH) [4,14] which has been shown to be involved in the
adherence process of the yeast. Cell surface hydropho-
bicity is characterized by the presence of hydrophobic
proteins embedded in the yeast cell wall matrix beneath
an outer fibrillar layer [13]. Exposure of these hydropho-
bic proteins results in CSH; therefore, CSH is subject
to cell surface variations such as a shortened or rear-
ranged fibrillar layer [13–15]. In fact, C.  albicans  cellsAdherence % .015*
Number of adhered yeast cells/VEC .005*














35 40 .039* .024*
* The mean difference is significant (p ≤ .05).
** The mean difference is highly significant (p ≤ .001).
# The mean difference is insignificant (p > .05).




p ≤  .001).
Table 12
Statistical analysis (bivariate correlations test) for the data obtained in
Table 10.
Incubation temperature (◦C) Adherence % Number of adhered
yeast cells/VEC
Pearson correlation (r) −.937 −.959
p-Value .001** .000**
Strength of the correlation (r2) 88 92Fig. 2. Scanning electron micrograph showing (a) the adherence of C.
of the yeast cells of C. albicans to the vaginal epithelial cell and yeast
albicans. Scale bar: 5 m. (d) the formation of pseudomycelium by C
Comparing the adherence ability at different growth
temperatures (25, 30, 35 and 40 ◦C), the culture that incu-
bated at 25 ◦C had a greater adherence ability (63.50%,
130.50) than the others, whereas that incubated at 40 ◦C
had the lowest adherence ability (25.00%, 59.00). It
is worth mentioning that the percentage of adherence
at 30 ◦C was twice that recorded at 40 ◦C (Table 10).
The results in Table 11 suggested that among the tested
growth temperatures, there was a statistically significant
difference (p  ≤  .05) in the yeast adherence ability to the
vaginal epithelial cells. The percentage of adherence at
25 ◦C differed significantly (p  ≤  .05) from that at 35 and
40, but not at 30 ◦C. The number of adhered yeast cells
at 25 ◦C differed significantly (p  ≤  .05) from that at 30
and 35 ◦C, while the difference was highly significant
◦(p ≤  .001) from that at 40 C. Although there was a sig-
nificant difference (p  ≤  .05) in the adherence ability of
the isolate at 35 and 40, also at 30 and 40 ◦C, but there
was not (p  > .05) at 30 and 35 ◦C (Table 11). The results ins to the surface of the vaginal epithelial cells. (b) A direct attachment
-adherence. Scale bar: 10 m. (c) The formation of germ tubes by C.
ns. Scale bar: 1 m.
Table 12 revealed that the adherence ability of the isolate
to the vaginal epithelial cells and its growth tempera-
ture were negatively correlated and this correlation was
highly significant (r  = −.937, p ≤  .001 and r  = −.959,* Correlation is significant (p ≤ .05).
** Correlation is highly significant (p ≤ .001).
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.3.  Scanning  electron  microscopy
The morphological characteristics related to adher-
nce of C.  albicans  to vaginal epithelial cells were
bserved using scanning electron microscope. The large
umbers of adhered yeast cells noted were a reflection
ot only of yeast cell-to-epithelial cell adherence, but
lso of yeast cells co-adherence. The latter type of inter-
ction resulted in the formation of aggregates of yeasts
n the epithelial cell surface which could be observed
oth by light microscopy and by scanning microscopy.
lotz and Penn [21] showed that the addition of a highly
oncentrated blastospore inoculum led to blastospore
ggregation (self-adherence) and to a greater destruction
f the intestinal cells used in the adherence study than to a
ormal random distribution of yeast cells. We suggested
hat formation of yeast aggregates through co-adherence
ay allow C.  albicans  to effectively amplify its cell num-
ers in  vivo. Such amplification may localize aggregates
f organisms in sufficient numbers to overcome host
efences resulting in numerous foci of infection.
The features of the adherence of C.  albicans  to vagi-
al epithelial cells are shown in Fig. 2a–d. Blastospores
ith germ tubes and pseudomycelium were also seen
n the surface of the vaginal epithelial cells after C.
lbicans was allowed to interact with them (Fig. 2c
nd d). Although many of the yeasts adhered directly to
he mucosal cells, some yeast cell-to-yeast cell attach-
ent was also noted. This latter type of interaction,
o-adherence, appeared to result from yeasts attaching
o those yeasts which had already established contact
ith the epithelial cells. Co-adherence was not noted
xcept at the epithelial cell surface. Thus, preaggregation
f the yeasts before their attachment to the epithelial cell
pparently does not occur.
. Conclusion
Since the adherence of C.  albicans  to the mucosal
pithelial cells is considered as the initial step in
he mucocutaneous candidiasis. So understanding of
andida–host cell interaction will have important ther-
peutic implications to figure out therapeutic strategies
or the treatment of candidiasis, especially with the avail-
bility of some effective and safe antifungal agents.
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